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FRONT-LOADING SYRINGE 
ADAPTER FOR FRONT-LOADING 

MEDICAL INJECTOR 

Cross Reference to Related Applications 

This application is a continuation of Application Serial No. 09/631,422, filed on 
August 3, 2000, which is a divisional of Application Serial No. 09/125,454, filed on 
March 27, 1997. as PCT International Application No. PCT/US97/05014 designating 
the United States, now U.S. Patent No. 6,336,91 3, which claims the benefit of 
Provisional Application Serial No. 60/014,472, filed on March 29, 1996, the contents 
of which are hereby Incorporated by reference. 

Background of Invention 

[0001] 

This invention relates to adapters for releasably attaching and removing syringes 
to medical injectors, and more particularly to adapters for releasably attaching and 
removing syringes of various types and sizes to front-loading injectors. Medical 
injectors and syringes containing fluid, such as contrast media, are commonly used to 
inject fluid into a patient in a wide variety of diagnostic imaging procedures. Injectors 
of the front-loading type are often used in such procedures. U.S. Pat. No. 5,383,858, 
assigned to the assignee of the present invention and fully incorporated herein by 
reference, provides a detailed description of injectors of the front-loading type and 
corresponding syringe designs. One advantage of the front-loading injector of U.S. 
Pat. No. 5,383,858 is that a syringe can readily be loaded onto and removed from the 
injector head without the need to disconnect the fluid path from the syringe to the 
patient. Another advantage of the front-loading injector of U.S. Pat. No. 5,383,858 is 
that the drive means of the Injector head may be disengaged and retracted from the 
syringe plunger without retracting the syringe plunger, thus substantially reducing the 



APP ID=10065668 



Page 1 of 26 



fi,j5 o< rva r.'ij in-i srn. ... „-n, h o n k- 

risk of withdrawing fluid from tlie patient after completion of the diagnostic 
procedure. This feature is also taught in U.S. Pat. No. 4,677,980, assigned to the 
assignee of the present invention and fully incorporated herein by reference. As 
discussed in U.S. Pat. No. 5,383,858, a syringe used with a front-loading injector 
requires a specially designed readily releasable mounting mechanism for securing the 
syringe to the front wall of the injector head and a specially designed readily 
releasable mounting mechanism for securing the syringe plunger to the piston head 
of the injector. These required mounting mechanisms oftentimes increase the cost of 
the syringes and prohibit the use of syringes of other various types, sizes and 
configurations with front-loading injectors. Thus, it is desirable to design adapters for 
use with syringes of various types, sizes and configurations to permit use of these 
syringes with front-loading injectors. 

Summary of Invention 

[0002] 

The syringe adapters of the present invention permit use of syringes of various 
types, sizes and configurations to be used with front-loading injectors, particularly 
front-loading injectors with or without a removable injector face plate. In one 
embodiment of the invention, for use with a front-loading injector having a removable 
injector face plate, the adapter includes an adapter face plate having a readily 
releasable mounting mechanism for attaching the adapter face plate to the front wall 
of the injector head after the injector face plate is removed. A removable pin 
insertable into the adapter face plate and the front wall of the injector head is 
provided to prohibit the adapter face plate from rotating with respect to front wall of 
the injector head. The adapter further includes a reducing sleeve formed of a reducing 
base and reducing edge connected to the proximal surface of the reducing base. The 
edge and base cooperate to form a recess for receiving the syringe distal flange. The 
adapter further includes a syringe attachment mechanism, for example, locking pivot 
arms pivotally attached to the proximal surface of the edge. The reducing edge is 
preferably made from a material having a low coefficient of friction to permit easy and 
smooth movement of locking pivot arms. In one embodiment, locking pivot arms are 
connected by a gear link, which permits simultaneous movement of the arms when 
only one arm is grasped by the operator to move the arms into an opened or closed 
position. The inside surface of each pivot arm includes first beveled surfaces to permit 
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reception of the syringe flange wlien pivot arms are in an open position, and second 
beveled surfaces to engage the distal end of the syringe body when the pivot arms are 
in a closed position. Pivot arm ends opposite pivot points are cammed to engage and 
lock around lock point extending from the reducing edge. The adapter further 
includes a piston extension to extend the injector drive piston for engagement with 
the syringe plunger. The piston extension includes means for attaching the extension 
to the syringe plunger and means for attaching the extension to the injector drive 
piston. Piston extensions of various diameters and lengths are used to permit use of 
syringes having various inner diameters and plunger locations. In another 
embodiment of the invention, for use with a.front-loading injector without a 
removable face plate, the adapter Includes an adapter base from which a readily 
releasable mounting mechanism extends to permit the attachment to and removal of 
the adapter from the opening in the front wall of the injector head. All of the other 
adapter elements previously described may be included in this embodiment. For = 
injectors with or without removable face plates, the adapter used may also include 
signal generating means and the injector may include corresponding sensors which 
cooperate with one another to indicate to the injector that the adapter is properly 
attached and to automatically calibrate the injector to adjust, for example, flow rate 
and pressure. 

Brief Description of Drawings 

[0003] 

FIG. 1 is an exploded perspective view of a front-loading injector having a 
removable face plate; FIG. 2 is an assembled perspective view of the front-loading 
injector of FIG. 1 : FIG. 3 Is an exploded perspective view of a front-loading injector 
and the first embodiment of the adapter invention; FIG. 4 is an assembled perspective 
view of the front-loading injector and the first embodiment of the adapter invention; 
FIG. 5 is an exploded view of the first embodiment of the adapter invention; FIG. 6 is a 
front view of the first embodiment of the adapter invention in the opened position; 
FIG. 7 is a front view of the first embodiment of the adapter invention in the closed 
position; FIG. 8 is a side view of the first embodiment of the adapter invention in the 
closed position; FIG. 9 is a back view of the first embodiment of the adapter invention 
in the closed position; FIG. 10 is an exploded front perspective view of another 
embodiment of the adapter invention; FIG. 11 is an exploded back perspective view of 
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the adapter invention of FIG. 1 0; FIG. 1 2 is a perspective view of one embodiment of a 
piston extension of the adapter invention; FIG. 13 is a cross-sectional view of the 
piston extension of the adapter invention taken along line 13 — 13 of FIG. 12; FIG. 14 
is a perspective view of another embodiment of a piston extension of the adapter 
invention; FIG. 1 5 Is a cross-sectional view of the piston extension of the adapter 
invention taken along line 1 5 — 1 5 of FIG. 1 4 attached to an injector drive piston of an 
alternative configuration; and FIG. 16 is an exploded perspective view of an alternative 
injector head used in connection with the adapter embodiment shown in FIGS. 1 0 and 
11. 

Detailed Description 

[0004] , 

As more fully described in U.S. Pat. No. 5,383,858, front-loading injectors have an 
injector head, including a front wall and an opening formed therein, and a drive 
member, such as a piston having a piston head, reciprocally mounted within the 
injector head and extendible through the injector head. In one embodiment of the 
present invention, as shown in FIGS. 1 and 2, the front-loading injector head 10 
includes a front wall 12 and an opening 14 formed therein, a drive member, such as 
piston 1 6 having a piston head 1 8, and an injector face plate 20 removably mountable 
to front wall 12. Face plate 20 includes a releasable mounting mechanism^ such as 
ears 22a and 22b (not shown), for attaching the face plate 20 to front wall 12. 
Specifically, ears 22a and 22b are inserted into opening recesses 1 4a and .1 4b, 
respectively, and face plate 20 is rotated 90 degrees such that ears 22a and 22b are 
engaged behind front wall protrusions 1 2a and 12b. Similarly injector face plate 20 is 
removed from the injector head 1 0 by rotating the face plate 20 90 degrees In the 
opposite direction and then removing ears 22a and 22b from opening recesses 14a 
and 14b. A gasket 24 is positioned between face plate 20 and front wall 12. A 
removable pin 26 Is provided to keep face plate 20 from rotating with respect to front 
wall 12. Pin 26 is inserted into pin holes 21 and 13 located in the face plate 20 and 
front wall 12. respectively, and Includes recess 28 for receiving and retaining tubing 
(not shown) that may be connected to the syringe. Face plate 20 is configured to 
accept a front-loading syringe 30 having a plunger 32, as described in U.S. Pat. No. 
5,383,858. FIGS. 3-9 show the details of one embodiment of the adapter 1 00 of the 
present invention, which permits use of syringes of various types, sizes and 
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configurations to be used with a front-loading injector having a removable injector 
face plate 20. For example, a syringe 40 which may be used with the adapter 100 may 
include a body 42, a flange 44 disposed at the distal end of the body 42, and a 
plunger 46 reciprocally mounted within body 42. Plunger 46 may also include internal 
screw threads (not shown) extending inwardly into the plunger 46 from the distal end 
of the plunger 46. As shown in FIGS. 5-9, adapter 100 includes an adapter face plate 
120 having a releasable mounting mechanism, such as ears 122a and 122b, for 
attaching the adapter face plate 1 20 to a front load Injector 1 0. The operation of ears 
122a and 122b of adapter face plate 120 with injector opening recesses 14a and 14b 
(shown in FIG. 3) is similar to that of ears 22a and 22b of injector face plate 20 with 
injector opening recesses 14a and 14b, as previously described. Gasket 24 is provided 
between adapter face plate 120 and the injector front wall 12. In one embodiment, a 
detent 1 25, shown in FIG. 9, is provided on the distal surface of ear 1 22bi which 
cooperates with a groove (not shown) located in injector front wall protrusion 12b 
when the adapter face plate 1 20 is installed on injector front wall 12. The purpose of 
detent 1 25 and groove is to prohibit the operator from installing the adapter face 
plate 1 20 on the injector front wall 1 2 upside down. Adapter 1 00 further includes a 
reducing sleeve 1 40 formed of a reducing base 1 60 and reducing edge 1 80 connected 
to the proximal surface of base 1 60. Edge 1 80 and base 1 60 cooperate to form a : 
recess 1 90 for receiving the distal flange 44 of syringe 40. Reducing base 1 60 is 
secured within adapter face plate 1 20 and includes an opening 1 70, which permits 
forward and reverse movement of the injector piston 1 6 of injector 1 0. Reducing edge 
1 80 is preferably made from a material having a low coefficient of friction to facilitate 
easy and smooth movement of the syringe attachment mechanism such as locking 
pivot arms 220 and 240 pivotally attached to the proximal surface of edge 1 80, as 
described below. In the present invention, the syringe attachment mechanism may 
include locking pivot arms 220 and 240 pivoting at points 260 and 280, respectively, 
to releasably engage syringe flange 44. In one embodiment, as shown in FIGS. 5 and 
9, pivot points 260 and 280 comprise a gear link 270 formed of adjoining gears 262 
and 282 which cooperate with one another to permit simultaneous movement of arms 
220 and 240 when only one arm 220 or 240 is grasped by the operator to move the 
arms 220 and 240 Into an opened or closed position. It is understood, however, that 
the adapter 100 can be designed such that pivot arms 220 and 240 operate 
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independently of one another, that only one arm moves, or that the adapter 100 only 
has one pivot arm. As shown In FIGS. 6 and 7, the inside surface of each pivot arm 
220 and 240 includes first beveled surfaces 223 and 225, respectively, to permit 
reception of the syringe flange 44 when pivot arms 220 and 240 are in an open 
position, as shown in FIG. 6, and second beveled surfaces 227 and 229, respectively, 
to engage the distal end of the syringe body 42 when the pivot arms 220 and 240 are 
in a closed position, as shown in FIG. 7, and as more fully described below. Pivot arms 
220 and 240 also include arm extensions 222 and 242, respectively, which assist in 
gripping and moving the pivot arms 220 and 240 into closed and opened positions. 
Pivot arm ends opposite pivot points 260 and 280 are cammed to engage and lock 
around lock point 300 extending from reducing edge 180. Lock point 300 includes a 
gasket 302, which assists in locking pivot arms 220 and 240 in place. It is understood 
that the syringe attachment mechanism may be of any configuration depending on the 
type, size and configuration of the particular syringe desired to be attached to the 
injector head 1 0. For example, if a syringe of a reduced diameter included radially 
« projecting flanges, as shown in U.S. Pat. No. 5,383,858, the corresponding syringe 
i attachment mechanism could be radially projecting retaining flanges, as shown in U.S. 
Pat. No. 5,383,858, that engaged the radially projecting flanges of the syringe. FIGS. 
3,12 and 1 3 further show that the adapter 1 00 includes a piston extension 320 ' 
provided for extending piston 1 6 for engagement with plunger 46 of syringe 40. This 
embodiment of the piston extension 320 includes means for joining the extension 
320 to the base of the syringe plunger 46, such as screw threads 330 mateable with 
screw threads (not shown) formed at the distal end of the plunger 46. Piston 
extension 320 further Includes protrusion 340 for attaching extension 320 to the 
piston head 18 via slot 19 located therein. Piston extensions of various diameters and 
lengths are used to permit use of syringes having various inner diameters and plunger 
locations. It is understood that alternative mechanisms can be designed to attach the 
piston extension to the injector drive piston and syringe plunger, depending on the 
configuration of the injector drive piston head and the particular syringe plunger. 
Similar to the injector face plate 20 of FIGS. 1 and 2, adapter face plate 120 is 
provided with a removable pin 124 to prohibit adapter face plate 120 from rotating 
with respect to front wall 12. Pin 124 Is inserted into pin holes 123 and 13 located In 
adapter face plate 1 20 and injector front wall 1 2, respectively. Pin 1 24 further 
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includes recess 126 for receiving and retaining tubing (not shown) that may be 
connected to the syringe 40. The adapter face plate 1 20 and injector head 10 may 
also include cooperating means for indicating to the injector head 1 0 that the adapter 
face plate 120 is properly attached to the injector head 10. Further, the cooperating 
means may also automatically calibrate the injector head 10 to adjust, for example, 
flow rate and pressure when an adapter face plate 120 is attached to the injector head 
10. For example, as shown in FIG. 9, such cooperating means may include a plurality 
of magnetic points 340 through 350 at the distal surface of the adapter face plate 
120. The injector head 10 includes two corresponding magnetic sensors 351 and 353, 
shown in FIG. 3, which recognize the presence of the magnetic points 344 and 346 
when the adapter face plate 1 20 is properly attached. If magnetic sensors 351 and 
353 do not sense magnetic points 344 and 346, or the magnetic points 340 through 
350 are otherwise misaligned, the injector head 1 0 will not operate. To use the 
adapter shown in FIGS. 3-9, injector face plate 20 of FIG. 1 is removed, as previously 
described, and the adapter face plate 120 is attached to the front wall 1 2 of injector 
10 by inserting ears 122a and 122b into opening recesses 14a and 14b, and rotating 
adapter face plate 120 90 degrees, as previously described. Pin 124 is then inserted 
into aligned pin holes 123 and 1 3. Piston extension 320 corresponding to a particular 
syringe 40 is attached to the injector piston 16 via protrusion 330 and slot 19. Pivot 
arms 220 and 240 are opened via arm extension 222 and 242 so that recess 190 of 
reducing sleeve 140 can receive the distal syringe flange 44, The plunger of the 
desired syringe 40 is then attached to the piston extension 320 via screw threads 330 
such that the syringe flange 44 is received in recess 1 90. Once the syringe flange 44 
is in place, pivot arms 220 and 240 are pivoted to a closed position, locking against 
lock point 300 and gasket 302, thus securing syringe 40 to adapter 100. The reverse 
process is followed to remove the syringe from the adapter 100. FIGS. 10 and 1 1 show 
another embodiment of the adapter 400. FIG. 1 0 is an exploded front view of the 
adapter 400 and FIG. 11 is an exploded back view of the adapter 400. In this 
embodiment, the injector head 10 does not include a removable face plate, as 
previously described in FIGS. 1 and 2. Instead, injector head 10, as shown in FIG. 16, 
includes a syringe receiving port 500 configured with recesses 502a and 502b (not 
shown), and retaining flanges 504a and 504b (not shown) to receive a syringe having 
radially extending distal flanges, as described in U.S. Pat. No. 5,383,858, or the 
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adapter 400 of FIGS. 1 0 and 1 1 . In particular, adapter 400 includes a reducing sleeve 
140 attached to an adapter base 402 having ears 404a and 404b which cooperate 
with recesses 502a and 502b, and retaining flanges 504a and 504b of the syringe 
receiving port 500, to permit easy attachment and removal of the adapter 400 to the 
front wall 1 2 of the injector head 1 0. If adapter 400 is properly attached to the syringe 
receiving port 500, detent 41 0 of ear 404b activates sensor 5 1 0 of the injector head 
1 0, shown in FIG. 1 6, thus indicating to the injector head 1 0 that the adapter 400 is 
attached to the injector head 1 0. Activation of sensor 510 may also automatically 
calibrate the injector head to adjust, for example, flow rate and pressure. When 
adapter 400 is not attached to the syringe receiving port 500, other sensors 512, 514, 
and 516 may be provided in injector head 10 to cooperate with syringe protrusions or 
detents when a syringe is inserted into the syringe receiving port 500 to indicate that 
the particular syringe is installed correctly and to identify its type, size and 
configuration. Operation of these sensors, protrusions and detents is similar to the 
sensors, protrusions and detents described in U.S. Pat. No. 5,383,858. Other adapter 
elements previously described with respect to FIGS. 3-9, particularly the syringe 
attachment mechanism, may be included in this embodiment. Another embodiment of 
a piston extension 550 is shown in FIGS. 14 and 1 5. In this embodiment, the 
corresponding injector drive piston 600 includes a piston head 610 having an 
attachment flange 612 for insertion into a corresponding slot 570 located at a first 
end of the piston extension 550. Spring loaded pin 580 located within slot 572 
engages recess 614 of the attachment flange 612 when the piston extension 550 is 
properly attached to the piston drive head 610, thus prohibiting the accidental 
dislodgment of the piston extension 550 from the piston drive head 610. A second 
end of the piston extension includes means for securing the piston extension to the 
plunger, such as screw threads 560. Although the syringe adapters of the invention 
have been described in detail for the purpose of illustration, it is to be understood 
that such detail is solely for that purpose and that variations can be made thereto by 
those skilled in the art without departing from the spirit and scope of the invention. 
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